clues in South Asians. The FFQ was designed for a population-based case-control study of diet and breast cancer. Aims To validate a food frequency questionnaire (FFQ) to assess macro-and micronutrient intake among South Asians in the United Kingdom (UK). Methods A one-year long study of current diet was conducted using monthly telephone 24-hour recalls followed by administration of an interviewer-administered FFQ to ascertain usual diet during this period. General practices in the Thames and West Midlands regions, England were used to sequentially recruit 100 women from a larger random sample of South Asian migrants from general practitioners' patient lists participating as controls in a case-control study of diet and breast cancer. Results A total of 133 women were invited to achieve the final sample of 100 (76 % response rate). The proportion of individuals classified by the two dietary assessment methods into the same or adjacent quartiles was high ranging from 65 % (vitamin A) to 96 % (protein). Misclassification into opposite quartiles was very low (0 % to 5 %), except for vitamin A (10 %). Energyadjusted Spearman correlation coefficients were reasonable for almost all nutrients being highest for protein (0.76), NSP (0.71), folate (0.70) and cholesterol (0.69). Correction for within-person variation in monthly 24-hour recalls had little effect on the magnitude of the nutrient correlations between the FFQ and the 24-hour recalls. Calibration coefficients to correct relative risks for nutrient-disease associations were above 0.50 for most nutrients indicating that the degree of attenuation introduced by the FFQ would be acceptable. Conclusions This FFQ was specifically designed for South Asian women in the UK. Despite the diversity of diets, the FFQ had reasonable validity. The role of diet in breast cancer disease aetiology in this population is being assessed with this instrument. Sponsorship The study was supported by Cancer Research UK.
Introduction
Diet plays an important role in the aetiology of many chronic diseases, such as coronary heart disease (CHD), non-insulin-dependent diabetes mellitus (NIDDM) and cancer. The South Asian population, with family roots in the Indian subcontinent regardless of place of birth, is one of the largest minority ethnic groups in the United Kingdom (UK), forming 2.7 % of the UK population [1] .
Risk of diseases such as CHD, NIDDM is high [2] [3] [4] [5] [6] and risk of cancer low [7, 8] in this population compared both to the native UK population and other migrant groups. It is, therefore, useful to investigate their disease experiences and dietary exposures for aetiological clues [9] .
Within South Asia, diets are heterogeneous, with differences being mainly determined by region of origin (e. g. type of staples grown locally and available sources of fat), religious beliefs (e. g. Hindus do not eat beef and Muslims generally do not consume pork and alcohol), and Asian systems of medicine and folk understanding of health giving properties of various foods [10, 11] . In the UK, the largest South Asian migrant groups are Gujarati Hindus, Punjabi Sikhs, Pakistani Muslims and Bangladeshi Muslims [12] . Variations in diets and food choice between the different groups have been observed in surveys conducted in this community [13] with varying degrees of acculturation with migration.
The food frequency questionnaire (FFQ) is often the method of choice in epidemiological studies of diet and chronic diseases [14] because of its ability to estimate long-term usual intake, its ease of use, its relative inexpense and, hence, its applicability to large numbers of people. FFQs can also be easily adapted for studies of the long-term dietary intake of multiethnic populations as specific foods can be included in the list to make the instrument more sensitive to the eating patterns of the study populations. Reports of valid FFQs in South Asians in the UK are, however, lacking. An FFQ, reflecting the diversity of food intake in this community, was specifically designed to measure long-term dietary intake in South Asian women in the UK to use in a population-based case-control study of diet and breast cancer [15] . In this paper, we report the results of the validation of this FFQ using monthly 24-hour recalls collected over one year as the 'silver' standard.
Methods
Validation of the FFQ was conducted among a sub-sample of 100 healthy South Asian migrant women taking part as controls in a population-based case-control study of breast cancer [16] . Potential controls were identified from general practitioners' patient lists in the Thames and West Midlands regions, which cover some of the areas in the UK with the largest numbers of residents of South Asian origin [1, 17] . A random sample of these women was then contacted and those agreeing to participate (76 %) interviewed at home.At the end of the interview, participants were asked if information about their food intake during a previous 24-hour period could be collected over the telephone, once every month, for at least twelve months. At the end of this period they were visited again to complete the FFQ. Ethical approval was obtained from all the relevant ethical committees.
Assuming a true correlation coefficient of about 0.60 between the levels of dietary intake estimated by the 24-hour recalls and those estimated by the FFQ, 80 % power and 5 % significance level, a sample of about 100 women was required to ensure that the lower limit of the 95 % confidence interval of the observed correlation coefficient was at least 0.40 [18] .
■ Development and administration of the FFQ
The development of this FFQ has been described in detail [15] . In short, food sources of energy and macro-nutrients were identified from previous surveys on frequency of food consumption and from weighed intake studies [19] conducted among different sub-groups within the South Asian community in the UK. Foods and composite dishes were included in the FFQ if they were consumed once a week by at least 20 % of the subjects in the food consumption surveys [15] . A total of 207 food items were included in the FFQ because of the wide diversity of diet of the various South Asian communities. This list comprised "natural" foods, such as fruit and various staples, and composite dishes, including 11 South Asian traditional composite dishes for meat, 18 for vegetables and 17 for pulses.
Participants were asked to identify portion of main foods or composite dishes consumed from eight colour photographs representing different portion sizes based on a validated food atlas [20, 21] . Portion sizes for single items, such as a slice of bread, or less commonly eaten foods were obtained from published sources [22, 23] . Frequency of consumption was obtained by asking open-ended questions on how often a particular food item was eaten per day/week/month or never in the last year. Open-ended questions were easier to ask in an interviewer-administered questionnaire than close-ended questions. They have also been shown to provide more accurate information [24] . For seasonal foods, such as mangoes, women were asked to estimate their average intake when the food was in season. The FFQ was administered by a single interviewer who was familiar with the most commonly spoken South Asian languages. After completing the interview, participants were asked if any food items they consumed regularly were missing from the FFQ. Administration of the FFQ took about 20-30 minutes.
Nutrient intakes were computed on the basis of the frequency of consumption of each unit of food and nutrient content of the specified portions. The composition of the South Asian foods was mostly obtained from food tables especially compiled for South Asian diets in the UK [25] .All the recipes in these food tables had been collected using the precise weighing method during a dietary survey of commonly consumed foods in the various sub-groups of the South Asian community. Mean nutrient values of these recipes were calculated from triplicate samples of each recipe.A total of 277 recipes in the nutrient database were used to analyse the FFQ dietary information. Most items [176] in the FFQ corresponded to natural foods or composite dishes with one single recipe. For 31 of the 46 South Asian traditional composite dishes, however, there were three to four different recipes according to region and religious background in South Asia, main type of fat used, and inclusion of onions or tomatoes. For example, one recipe for lamb curry is Pakistani Lamb with onion and tomatoes cooked with ghee, another recipe for the same dish is Pakistani Lamb cooked in corn oil, and a third is Punjabi Mutton without tomatoes cooked in ghee [25] . The recipe closest to a woman's background and/or dietary habits was selected for nutrient analyses of her FFQ data. Nutrient analysis were conducted in the customised computer analysis programme COMP- EAT 5 [26] .
■ "Silver" standard
Monthly 24-hour recalls were conducted over a 1-year period prior to the administration of the FFQ. A standardised protocol was used to obtain information about foods eaten in a previous 24-hour period over the telephone. Phone calls were not pre-arranged with participants so that they could not predict the day they would be contacted. At the start of the interview, information was obtained about type of milk used in tea and coffee, and, what type of fat was used in preparing recipes, making chapatis and frying foods. Information about food consumption was obtained by asking about foods eaten at meals as well as snacks eaten between meals. Where composite dishes were eaten, information about the main ingredients in the dish was recorded (e. g. type of lentil and fat used). Portion sizes of various foods and composite dishes consumed were obtained using household measures such as tablespoons, serving spoons, bowls and cups. For shop-bought items (e. g. bread), their characteristics (e. g. the size of loaf and thickness of the slice) were obtained as well as their brand names to enable, as far much as possible, a close match with items listed in the UK food tables. A large proportion of recalls was conducted in the subjects' mother tongue. Phone calls were monitored periodically by the senior nutritionist.
A coding manual for the 24-hour recall was developed, which contained portion sizes and codes for South Asian recipes available in the UK Food Tables [27, 28] supplemented by recipes collected by one of the study team members [25] . The most appropriate recipe was selected from this coding manual which contained 350 items. The list of portion sizes published by The UK Ministry for Agriculture, Fisheries and Foods (MAFF) [22, 23] is limited, especially for recipes consumed by South Asian communities. Therefore four team members weighed various meat, vegetable and rice dishes to obtain average weights of tablespoon and servingspoon servings of these dishes. Portion size for each recipe consumed was calculated from the number of tablespoon or serving spoons consumed. Coding of recipes and allocation of portion sizes was conducted independently by two nutritionists for all the 24-hour recalls and any disagreements discussed with the rest of the study team. Nutrient analyses of the 24-hour recalls were carried out using COMP-EAT [26] . Daily nutrient intakes for each woman were computed as the arithmetic mean of the nutrient intakes from her 24-hour recalls.
■ Statistical methods
Validation of the FFQ was assessed in terms of its ability to accurately rank individuals according to their nutrient intake, rather than in terms of its ability to accurately estimate absolute levels of nutrient intake. Ranking nutrient intake into quantiles is commonly used in the analysis of epidemiological studies of the relation between diet and chronic diseases. Thus, quartile agreement between the two dietary methods was assessed by calculating the percentage of women classified in the same, the same or adjacent, and in opposite quartiles. Kappa statistics were calculated to assess agreement between quartile classification whilst taking chance agreement into account [29] . Spearman correlation coefficients were also estimated to assess level of agreement between ranked nutrient intakes. Pearson correlation coefficients are provided for comparison with published studies. For energy-adjusted analyses, residuals from a normal errors regression model of the nutrient on total energy intake (both on a logarithmic scale) were used. To correct for within-person day-to-day intake variation in monthly 24-hour recalls, de-attenuated Pearson correlation coefficients were calculated [30] . The effect of a nutrient on disease risk will be attenuated in analytic studies that use this FFQ to estimate dietary intake due to random misclassification. Calibration coefficients to adjust for FFQ misclassification were calculated from a linear regression of 24-hour recall nutrient intake on FFQ nutrient intake [31] . All analyses were conducted using STATA 7.
Results
Women were asked to take part in the validation study sequentially as they were recruited as healthy controls into the main case-control study until we had 100 women who had completed at least nine 24-hour recalls. Validation of a food frequency questionnaire to assess macro-and micro-nutrient A total of 133 eligible women were asked; 14 % refused and a further 19 % were lost to follow-up, yielding a 76 % response rate.Women who participated in the validation study were similar to the whole group of randomly selected population-based controls for the case-control study, except that they had a slightly higher BMI and were of a slightly higher social class ( Table 1) .
The median number of recalls per woman was 13, with all women having completed at least 9 recalls. The median interval between recalls was 5.5 weeks (range: 4.4 to 9.2 weeks). Of the women 91 % had at least one of their recalls conducted on either a Sunday or a Monday, thus recording part of their weekend dietary intake. Only three (3 %) women identified one food item each that they consumed regularly but which was not included in the FFQ. These could easily be allocated to an FFQ item with similar ingredients (e. g. Uthapam was not in the FFQ but is similar to Dokra). Table 2 shows nutrient intakes as estimated by the multiple 24-hour recalls and the FFQ. The 24-hour recalls produced lower mean estimates of absolute intake than the FFQ, particularly for vitamins C and A, but the difference between the two methods was smaller after adjustment for energy intake.
The proportion of individuals who were classified by the FFQ and the multiple 24-hour recalls in the same or adjacent quartiles of energy and macro-nutrient intake ranged from 74 % (total energy) to 96 % (protein) ( Table  3) . Similar levels of agreement were observed for micronutrients, ranging from 89 % (vitamin D and folate) to 65 % (Vitamin A). Misclassification into opposite quartiles was very low (0-5 %) for all nutrients except vitamin A (10 %). The kappa statistics showed fair to moderate agreement between the two methods for most nutrients, with the exception of vitamin A. Spearman correlation coefficients between levels of intake estimated by the two methods were good for all nutrients except vitamin A, and for most macro-nutrients they improved after adjustment for energy intake, but not for several micro-nutrients. Energy-adjusted Spearman correlation coefficients ranged from 0.76 (protein) to 0.51 (vitamin B12), except for calcium (0.49), vitamin C (0.46), monounsaturated fat (0.38) and vitamin A (0.17). Energy-adjusted Pearson correlation coefficients were of similar magnitude. De-attenuated Pearson coefficients which took into account within-person variation in monthly 24-hour recalls, improved the correlations between the FFQ and the 24-hour recalls only slightly (Table 3) . Similar results were observed for vegetarians and meat-eaters. For instance, the percentage of vegetarians who were classified in the same or adjacent quartiles by the two methods was 69 %, 90 %, 90 %, 96 % and 87 % for total energy, total fat, carbohydrates, proteins and NSP, respectively. The equivalent figures for meat-eaters were 79 %, 79 %, 79 %, 96 % and 94 %, respectively. Table 4 shows nutrient-specific calibration coefficients that may be used to correct for misclassification introduced by this dietary assessment method. These coefficients were close to, or greater than, 0.50 for nearly all nutrients indicating that the degree of misclassification introduced by the FFQ would be acceptable for most nutrients. Thus, if a relative risk of 1.50 per unit increase in quartile of intake of a given nutrient is observed in an analytical study based on this FFQ the true relative risk, assuming no other sources of bias or confounding, will be 1.72 for protein, 2.70 for monounsaturated fat, and values between these two for all the other nutrients except total energy and vitamin A where the degree of attenuation would be much greater.
Discussion
The results of this validation study show that this FFQ can provide a good valid assessment of nutrient intake in South Asian populations in the UK, except for vitamin A. The FFQ classified around 80 % or more women into the same or adjacent quartiles of intake as the multiple 24-recalls did for nearly all nutrients, except for vitamin A, and energy-adjusted correlation coefficients were mostly over 0.50. The levels of agreement were generally at the higher end of those found for other FFQ instruments [32] [33] [34] [35] . They are comparable to those reported for FFQs used in Western populations [18, 36, 37] and for those designed for multiethnic populations in Los Angeles [30] and Mexican Americans in Texas [38] . Similar low levels of agreement between 24-hour recalls and a Arithmetic mean and standard deviation (SD) unless otherwise specified b Geometric mean and empirical 5th, 95th centiles Table 2 Absolute nutrient intakes and nutrient densities as estimated by multiple monthly 24-hour recalls and the FFQ FFQ estimates of vitamin A intake have also been reported by others [34, 36] . Vitamin A is found in large quantities in a limited number of foods. 24-hour recalls will inevitably miss days when these foods are eaten whereas the FFQ may overestimate intakes of vitamin A as a result of the large variety of fruit and vegetables listed, recall of usual frequency of intake over a longer period of time and pre-allocation of portion sizes. The high response rate achieved in the present study (76 %) is similar to the 76-90 % response rate obtained in a multiethnic US population in Los Angeles [30] . The Los Angeles study subjects were, however, only asked to complete 3 telephone based 24-hour recalls [30] . The response rate is higher than the 15 % seen in some validation studies using weighed intake or food diaries [32] , and so more representative of those likely to be included in epidemiological studies of diet and chronic diseases. The distribution of the various South Asian groups in the validation sample closely reflected the overall distribution in the UK [17] , except that, due to difficulties in obtaining good translation services, we were unable to include Bangladeshi subjects. They, however, represent only 9 % of all South Asians in the UK [17] .
There is no gold standard for the validation of many of the nutrients estimated using FFQs. The 24-hour recall has been widely used as the "silver" standard method in validation studies [30, 32, 37] . They are easy to use in a population with diverse food patterns and, hence, particularly appropriate to study culturally diverse groups [30, 39] . Multiple 24-hour recalls have also been suggested as an adequate method of validation among populations with lower literacy and motivation [18] . To further encourage motivation we used telephone based 24-hour recalls. Telephone interviews have been shown to provide data comparable to personal interviews with less effort and cost [40] .
24-hour recalls have been widely used as the reference method in FFQ validation studies; however, their sources of error may not be independent as both methods rely on recall. To reduce this to a minimum we intentionally made the methods as different as was possible. For the 24-hour recalls all foods eaten were systematically collected on a meal by meal basis over the recent past 24-hours. The most appropriate food/composite dish was selected from all available food tables. Portion size estimation was based on spoon servings. For the FFQ different demands were made. Subjects were asked to estimate how much of each food item in the FFQ they ate, on average, during the previous year which requires use of longer term memory. Portion sizes were mostly ascertained through photographs.
Single 24-hour recalls have been noted to provide surprisingly close levels of agreement with 14-day weighed intake records [32] , but they are affected by day-to-day fluctuation in dietary intake [36] resulting in random misclassification of intake and, hence, in attenuation of the level of agreement with the intake estimated by FFQs. In the present study, multiple recalls were collected over more than one year to reduce intraindividual variation. The number of recalls required in this study to obtain a correlation of at least 0.90 between ranks of mean 24-hour intakes and true ranks of dietary intake were retrospectively calculated [41] to be 7, 10, 7, 6 and 8 for energy, fat, protein, carbohydrates and NSP, respectively.The average number of 24-hour recalls conducted per person was therefore more than sufficient to capture the true ranks of intake of most nutrients. Thus, correction for intra-individual variation by calculating de-attenuated Pearson correlation coefficients [34, 37] improved the correlation between the two methods but only to a small extent as the large number of recalls per subject greatly reduced measurement error. Although accuracy of absolute levels of nutrient intake (as opposed to accurate ranking) is not necessary to identify diet/disease associations, the levels of absolute nutrient intake obtained by the FFQ in this study were higher than those estimated by the multiple 24-hour recalls, but the energy-adjusted mean nutrient intakes were comparable. FFQs are known to over-estimate true intake of a number of nutrients [32] , probably due to the use of long lists of foods and difficulties in estimating accurate frequency of food consumption and portion sizes. However, validation studies of energy intake from reported diet compared to doubly labelled water measurements of energy expenditure have shown that both 24-hour recalls and FFQs tend to under-estimate true intake [40, 42, 43] .
Relative risks for nutrient-disease associations derived from analytic studies in which dietary intake is estimated by the FFQ will be biased to one due to non-differential misclassification introduced by this dietary assessment method. Nutrient-specific coefficients can be used to re-calibrate the association between dietary intake and disease in analytical studies which use this FFQ to estimate usual intake. The assumption being that the 24-hour recalls represent true intake and are unbiased and uncorrelated with those of the FFQ. Recent papers suggests this may not be so for protein and energy at least where urinary nitrogen excretion and doubly labelled water can be used to represent true intake [43, 44] . Further work to quantify the correlated errors for nutrients other than protein is needed. Differential under-reporting of intake by multiple 24-hr recalls (the reference method) compared to FFQs may affect the validity of calibrated risk estimates. However the extent of underreporting may not be too severe in this population of older South Asian women as they are more sedentary and therefore have lower energy expenditure than the general population [45] . The calibration coefficients for our FFQ using 24-hour recalls as a marker of true intake compare favourably with those reported by others using the same assumptions [30, 37] .
In short, this study shows that the validity of this new FFQ specifically developed for use in South Asian women in the UK is comparable to that of other FFQs developed for Western populations. These findings indicate that this FFQ could be a tool to examine the role of diet in the aetiology of chronic diseases in this population. ■ Contributors IdSS and PM, the principal investigators, designed and monitored the progress of the study. TKK designed the FFQ with LS and PM. LS supervised the data collection, coding and quality of the 24-hour recall data. DB conducted the FFQ interviews and the first coding and entering of the 24-hour recall data. VMcC conducted all the statistical analyses. LS and PM took the lead in writing the paper. All authors contributed to the interpretation of the results and to the final draft of the paper. a Energy-adjusted nutrients were calculated as residuals from the regression of the nutrient on total energy intake (both on a logarithmic scale) b Calibrated relative risk for a given nutrient is equal to exp (logarithm of the observed relative risk/calibration coefficient) which is equivalent to observed relative risk (1/calibration coefficient)
